I. INTRODUCTION
The recent discovery of superconductivity in F-doped LaFeAsO near 25 K 1 along with the ability to essentially double T c either by application of hydrostatic pressure 2 or by substitution of rare earths 3 has given rise to a new sense of optimism within the high temperature superconductivity community. First of all, these materials break the tyranny of copper, offering high transition temperatures without requiring the presence of copper oxide.
Secondly it is not at all clear (experimentally) what the mechanism for superconductivity in these materials is, although there are a multitude of exotic and intriguing theoretical predictions. Unfortunately, the growth of single crystals of these compounds, specifically the superconducting variants, has proven to be difficult. Single grains as large as 300 µm have been characterized as part of polycrystalline pellets (synthesized at 3.3 GPa) 4 and free standing crystallites ∼ 100 µm across have been grown out of high temperature salt solutions (again at high pressures).
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A second, key finding has been the even more recent discovery of superconductivity below T c = 38 K in (Ba 1−x K x )Fe 2 As 2 . 6 Whereas BaFe 2 As 2 , like LaFeAsO, is a tetragonal compound with a Fe plane capped above and below by As, 7 it does not contain oxygen. This means that superconductivity in the (Ba 1−x K x )Fe 2 As 2 system not only breaks the tyranny of copper, it also implies that the superconductivity of these FeAs-based compounds is not intimately associated with oxide physics. In addition to this conceptual simplification, there is a profound experimental simplification as well: BaFe 2 As 2 is an intermetallic compound and can be grown in single crystal form utilizing conventional growth from a metal solvent, or flux. In this paper we present crystallographic, as well as anisotropic thermodynamic and transport data on single crystals of the non-superconducting parent compound, BaFe 2 As 2 as well as on superconducting (Ba 0.55 K 0.45 )Fe 2 As 2 .
II. EXPERIMENTAL METHODS
Single crystals of BaFe 2 As 2 and (Ba 0.55 K 0.45 )Fe 2 As 2 were grown out of a Sn flux, using conventional high temperature solution growth techniques. 8 Elemental Ba, K, Fe and As were added to Sn in the ratio of [(Ba/K)Fe 2 As 2 ] : Sn = 1 : 48 and placed in an ∼ 2 ml MgO crucible. A second, catch, crucible containing silica wool was placed on top of the growth crucible and both were sealed in a silica ampoule under approximately 1/3 atmosphere of argon gas. It should be noted that the packing and assembly of the growth ampoule was performed in a glove box with a nitrogen atmosphere. The sealed ampoule was placed in a programmable furnace and heated to either 1000
• C or 850 • C and cooled over 36 hours to 500
• C. Once the furnace reached 500
• C the Sn was decanted from the (Ba 1−x K x )Fe 2 As 2 crystals. Whereas the BaFe 2 As 2 growth was cooled from 1000
• C, when the potassium doped growths were taken to 1000
• C there was a clear attack on the silica wool as well as on the silica tube and a greatly reduced amount of K in the resulting crystals. In order to avoid this loss of K, x > 0 growths of (Ba 1−x K x )Fe 2 As 2 were only heated to 850
Even with this precaution in place, we found it necessary to use excess K in the growth to compensate for losses due to the combination of potassium vapor pressure and reactivity.
The (Ba 0.55 K 0.45 )Fe 2 As 2 growth used an initial stoichiometry of (Ba 0.6 K 0.8 )Fe 2 As 2 . Powder X-ray diffraction data was collected on a Rigaku Miniflex diffractometer using
Cu Kα radiation at room temperature. Room temperature, single crystal diffraction was performed on a Bruker SMART CCD four circle diffractometer and analyzed by standard methods using the SHELXTL 6.1 software package. Temperature dependent, single crystal X-ray diffraction measurements were performed on a standard, four-circle diffractometer using Cu Kα radiation from a rotating anode X-ray source, selected by a germanium (1 1 1) monochromator. For the measurements, a plate like single crystal with dimensions of 1.5 × 1.5 × 0.2 mm 3 was selected and attached to a flat copper sample holder on the cold finger of a closed cycle, displex refrigerator. The diffraction patterns were recorded while the temperature was varied between 10 K and 300 K. The mosaicity of the investigated BaFe 2 As 2 single crystal was 0.04
• FWHM in the rocking curve of the (0 0 10) reflection. Elemental analysis of the samples was performed using wavelength dispersive x-ray spectroscopy (WDS)
in the electron probe microanalyzer (EPMA) of a JEOL JXA-8200 Superprobe.
Magnetic field and temperature dependent magnetization data were collected using a Quantum Design (QD) Magnetic Properties Measurement System (MPMS) and tempera-ture dependent specific heat as well as magnetic field and temperature dependent electrical transport data were collected using a QD Physical Properties Measurement System (PPMS). 
III. RESULTS
Given that the stoichiometry of these materials appears to play a key role in their physics, elemental analysis was performed on both the nominally pure BaFe 2 As 2 sample as well as on the K-doped sample. WDS measurements on the pure sample gave a Ba:Fe:As ratio of 1:2:2 with approximately 1% Sn appearing to be present as well. (These results are similar to those shown below for the K-doped sample, but with slightly higher values of incorporated Sn.) As will be discussed below, it is possible that this is not simply surface Sn associated with small amounts of residual flux, but rather Sn that has been incorporated into the BaFe 2 As 2 structure. Fortunately, if indeed there is a small amount of Sn incorporated into the structure, it does not prevent the stabilization of the superconducting state via K-doping.
The K-content of the doped sample was also determined via WDS analysis. Figure 2 shows an image of the sample measured as well as the location of the spots tested. Table I presents the atomic percents of each element estimated from the weight percents determined from the analysis. As can be seen the sample was neither polished nor cleaved. Instead, different terraces on the as grown surface were measured. This terracing is a clear example of the layering so common to these crystals: each of the visible layers can be easily cleaved or exfoliated from the rest of the sample. The data in Table I are consistent with a 1:2:2 ratio of (Ba + K):Fe:As. These data are also consistent with an ∼ 0.66% (atomic) of Sn being incorporated into the sample (most likely on the As site). The strong anti-correlation between the K and Ba values is consistent with K substituting on the Ba site. As can be seen by comparing Figure 2 with Table I , there is no systematic variation of the K content from terrace to terrace. Treating the sample as (Ba 1−x K x )Fe 2 As 2 , the average x value was found to be 0.45 with a standard deviation of 0.07. For notational simplicity we will refer to these samples as x = 0.45, i.e. (Ba 0.55 K 0.45 )Fe 2 As 2 , but it should be kept in mind that there may be a degree of variation in the K content from layer to layer and, possibly, from crystal to crystal.
Powder x-ray diffraction patterns were taken on ground, single crystals from each batch.
The data are shown in Fig. 3 . For BaFe 2 As 2 , the lattice parameters were found to be a = 3.9436Å and c = 13.115Å. Room temperature, single crystal diffraction data taken on a crystal of BaFe 2 As 2 gave similar results: a = 3.9467Å and c = 13.113Å. Whereas the a-lattice parameter is similar to that already reported 7 , the c-lattice parameter is slightly, but significantly, larger. This may be associated with the incorporation of Sn into the bulk, as discussed above. Unfortunately, the current crystals did not allow for the collection of enough reflections to allow for a refinement of such a small, possible Sn occupancy. The lattice parameters inferred for (Ba 0.55 K 0.45 )Fe 2 As 2 from the powder x-ray diffraction data were a = 3.9186Å and c = 13.256Å, comparable to the values found for the 40% K substituted polycrystalline samples.
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Figure 4(a) presents temperature dependent electrical resistivity data for single crystalline BaFe 2 As 2 . For 300 K> T >90 K the resistivity is relatively large and weakly temperature dependent; as the sample is cooled below ∼ 85 K the resistivity increases rapidly, and at 4 K the resistivity is approximately 50% larger than it was at 90 K. The application of a 70 kOe magnetic field perpendicular to the c-axis has no effect on the T ∼ 85 K phase transition and only the smallest effect on the T < 10 K resistivity. Similar behavior was seen for several samples from the same batch. Figure 4 (b) shows the temperature dependent
Hall resistivity divided by applied field (ρ H /H) which also manifests a clear and marked increase in its absolute value as the sample is cooled below ∼ 85 K. There is no evidence for superconductivity in BaFe 2 As 2 for T > 1.8 K in either of these measurements.
The anisotropic magnetic susceptibility data are presented in Fig. 5 . Near room tem-perature the sample is close to isotropic, but below ∼ 85 K there is a clear anisotropy with χ c < χ ⊥c . Although the T ∼ 85 K transition is more clearly seen in the χ c data, there is a clear break in slope in the χ ⊥c data near this temperature as well. The temperature dependent specific heat data for BaFe 2 As 2 are shown in Fig. 6 . There is a broad feature near 85 K and for T 2 < 40 K 2 the data can be fit to the standard power law, C p = γT + βT Although the tetragonal to orthorhombic splitting is very clear when comparing the 10 K and 100 K scans (Fig. 7) , in the intermediate temperature range (85 K to 60 K) reflections related to the orthorhombic phase appear to coexist with reflections related to the tetragonal phase. This could imply a first order nature to this transition, but a more trivial explanation could be that the X-ray beam illuminated parts of the sample with slightly different transition temperatures.
The temperature dependent electrical resistivity data for two separate single crystals from the same batch of (Ba 0.55 K 0.45 )Fe 2 As 2 are presented in Fig. 9 . Both crystals have T > 100 K resistivities that are very similar in size and temperature dependence to that found in Fig. 4 for BaFe 2 As 2 . Both crystals also manifest superconductivity below ∼ 30 K. Crystal A shows a break in slope near the 85 K transition temperature found in BaFe 2 As 2 whereas Crystal B displays a featureless decrease in resistivity down to the onset of superconductivity. Crystal
A has a multiple step transition with a higher onset temperature and a lower, zero resistance temperature. Crystal B has a sharp superconducting transition that, as will be shown below, does not significantly broaden in applied magnetic fields of up to 140 kOe. These results are consistent with the evaluation of the amount of K in the sample shown in Fig. 2 ; there can be a somewhat differing amount of K in different layers or different crystals of these compounds. In order to estimate the ratio ∆C p /γT c the electronic specific heat in the normal state of (Ba 0.55 K 0.45 )Fe 2 As 2 is needed. Unfortunately, as will be shown below, superconductivity is not suppressed significantly by an applied magnetic field of 140 kOe. Using the low temperature gamma values for BaFe 2 As 2 and (Ba 0.55 K 0.45 )Fe 2 As 2 as well as T c ∼ 30 K the ratio of ∆C p /γT c is found to be 0.63 and 1.01 respectively. We can treat these data in an extreme limit by assuming that about half of the sample (layers) was not superconducting.
This would explain the finite γ at low temperatures and would increase the ∆C p /γT c value of ∼ 0.63 to ∼ 1.2. Further measurements will be needed to refine this value more fully. To within the accuracy or our current measurements and estimates it is reasonable to evaluate
The anisotropy of the field dependence of the electrical resistivity, and suppression of superconductivity in (Ba 0.55 K 0.45 )Fe 2 As 2 (crystal B) are shown in Fig. 13 . The normal state resistivity is insensitive to applied fields as large as 140 kOe and the applied field suppresses the superconducting transition without any significant broadening of the transition. Using an "onset" criterion for the determination of T c (H), H c2 (T ) curves were determined for both directions of applied field (Fig. 14) . Similar suppressions and anisotropy were found for crystal A.
The ratio of the H c2 values for the two characteristic directions can be defined as γ = only slightly exceeds the Clogston paramagnetic limit. 9 If the anisotropy seen close to T c (Fig. 14) remains unchanged, H c2 (0) for H ⊥ c will be even larger. These are very long extrapolations and these values only serve to indicate that (Ba 0.55 K 0.45 )Fe 2 As 2 will be a very high field superconductor. The error bars represent the relative precision, the absolute error is method-related and significantly larger. M/H data for BaFe 2 As 2 with H ⊥ c.
